Abstract. In drought years, it is important to have an estimate or prediction of the 5 probability that a water shortage risk will occur to enable risk mitigation. This study 6 developed an improved logistic probability prediction model for water shortage risk in were predicted under different inflow scenarios by using the model. There were two 13 main findings of the study. (1) The water shortage risk probability was predicted to be 14 very high in 2020, although this was not the case in some high inflow conditions. (2) 15 After using the transferred and reclaimed water, the water shortage risk probability 16 * Correspondence to: Ren Zhang,
Introduction

20
Nowadays, water shortages have become a serious problem in many parts of the 21 world due to climate change, heightened demand of water and integrated urbanization, 22 and there is a negative impact on the security and sustainable development of water probability and severity of adverse effects (Haimes, 2009) . It is important to have an 26 estimate or prediction of the probability that a water shortage risk will occur so that 27 effective measures for risk mitigation can be developed, particularly in the case of 28 precipitation deficits (drought). 29 Hashimoto et al. (1982) stated that risk can be described by the probability that a 30 system is in an unsatisfactory state. How to predict or estimate risk probability is still 31 an open issue with no definite solution. Mackenzie (2014) believed that an analyst 32 should first develop a probability distribution over the range of consequences that 33 fully describe the risk of an event. The simulation of probability distribution should be 34 based on a large number of data (Bedford and Cooke, 2001 ; Giannikopoulou et al., 35 2015). Unfortunately, a full probabilistic assessment is generally not feasible, because there is insufficient data to quantify the associated probabilities (Tidwell et al., 2005) . 37 In some cases, frequency is often used as a substitute for probability in the risk 38 assessment of water resources (Hashimoto et ). Therefore, it has been concluded that modeling risk probability requires a 48 consideration of vulnerability (Haimes, 2006) . Although increasing attention has been 49 given to vulnerability assessment (Villagrán, 2006; Plummer, 2012) , there have been 50 few studies of the relation between risk probability and water resources vulnerability. 51 A water shortage can either occurs or not occur, and therefore water shortage risk 52 is a binary categorical variable. According to statistical theory, a logistic regression 53 model is a nonlinear regression method of studying a binary categorical or 54 multi-categorical variable and its impact factors (Breslow, 1988 we propose an alternative method of parameter estimation for a logistic regression 63 model when data is insufficient. Moreover, the backward mode is often applied for the 64 selection of sensitive factors, but the calculation is very complicated.
65
The contributions of our paper are as follows. First, we used a logistic regression 66 model to explore the nonlinear relation between water shortage risk and its factors. 67 Then, we introduced an information flow (Liang, 2014) for the selection of significant 68 risk factors. Compared with the backward mode, it was very easy to determine 69 whether there was a cause and effect between the water shortage risk and its factors. 70 Finally, we proposed an alternative method of parameter estimation (maximum 71 entropy estimation) for a logistic regression model in situations with a lack of data.
72
The new method requires only a few data, while maximum likelihood estimation 73 requires a large amount of data.
74
The remainder of the paper is organized as follows. Section 2 presents the 75 principles and structure of the logistic probability prediction model for water shortage 76 risk. Section 3 presents the application of the model and the results of the research and 77 Section 4 presents some conclusions and proposes future work. For an observation, we can define its entropy to evaluate its degree of uncertainty.
According to Jones and Jones (2000) , the entropy of the ith observation of water 
where C is a positive value and 
According to the extreme theory of multivariate function (Khuri 2003 
The optimal estimation   : :
The value of K-S is:
When N   , the cumulative distribution curve and probability density curve of 256 two samples can be obtained. In this section, a logistic probability prediction model for water shortage risk is 273 constructed and discussed, and the risk probability in 2020 in Beijing is predicted 274 using the proposed model. estimation is shown in Fig. 3 . If 0.5 is taken as threshold used to judge whether water shortage risk occurs, then 323 the prediction accuracy by using the maximum entropy estimation can be obtained, 324 and is shown in Tables 5. From Table 5 , it can be seen that the average accuracy rate 1 9 5 6 1 9 5 9 1 9 6 2 1 9 6 5 1 9 6 8 1 9 7 1 1 9 7 4 1 9 7 7 1 9 8 0 1 9 8 3 1 9 8 6 1 9 8 9 1 9 9 2 1 9 9 5 1 9 9 8 2 0 0 1 2 0 0 4 2 0 0 7 2 0 1 0 Inflow condition From Figures 5 and 6 , it was concluded that the water shortage risk probability 393 would decline under all inflow conditions (59.1% on average). However, the water shortage risk probability would still be high in some low inflow conditions. The risk parameter estimation when insufficient data is available. 418 The results of the study were as follows. In 2020, the probability that a water and difficult issue, and will be the focus of our further study. 
Construction of the Logistic probability prediction model
